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This thesis comprises ol six chapters. In the 
first chapter, a detailed and upto date literature of 
the subject has heen reviewed. In addition, a survey 
of literature on the uses of some of inorganic reagents 
in the spectrephotometric determination of organic 
compounds has also heen made. In the present thesis, 
we have described the uses of inorganic reagents in 
organic analysis. Very useful suggestions for working 
out of new direct tests are obtained by considering the 
studies dealing with the analytical employment of the 
ability of organic compounds to form coloured products 
with inorganic ions. On the basis of such investigations 
which occupy a broad field of interest in the chemistry 
of specific, selective and sensitive reactions, it can 
now be stated with assurance that analytically useful 
effects of organic compounds can invariably be attributed 
to the presence and activity of certain groups in the 
molecule of compound. As the functional groups are the 
reactive parts of the compound, their reactions are 
key to the detection and determination of organic 
compounds. The reactive group is often the functional 
group being analysed whereas the reagent may be a simple 
inorganic ion. Most of the metals produce intense colours 
with organic compounds. Such react ions can he c l a s s i f i ed 
as oxidation-reduction react ions and react ions involving 
the formation of a complex compound. Such react ions can 
he used for the determination of organic compounds. This 
i s nothing more than an applicat ion of the long standing 
pr inc ip le tha t binary react ions can often he used 
ana ly t i ca l ly for each of the r e a c t a n t s . Oxyanlons of 
metals or non-metals are very promising colorlmetrlc 
r eagen t s . They can produce intense colours with organic 
compounds hy e i the r oxidizing them or forming complexes. 
Sometimes, a coloured product may he obtained hy the 
reduction of oxyanlon hy certain organic compound as the 
lower oxidation s t a t e s of metals which cons t i tu te 
oxyanlons are var iously coloured. Such Inorganic reagents 
are cheap and commonly used in the labora tory . However, 
the s tud ies of inorganic reagents in the s pec troi^io tome t r i o 
determination of organic compounds are meagre. 
In the second chapter, a spectrephotometric method 
has been developed for the determination of cysteine and 
c y s t i n e . Ammonium molybdate produces a blue colorat ion 
with cysteine on heat ing in presence of phosphoric ac id . 
The coloured product i s measured a t 780 nm. The react ion 
obeys Beer ' s law in the range, 10 to 200/ug of cysteine 
3 
and cystine. Ammonium molybdate oxidizes cysteine into 
cysteic acid and itself reduces to molybdenum blue. The 
calibration curve lor cystine is prepared alter its 
reduction with zinc fillings and hydrochloric acid. The 
method is accurate with a relative standard deviation 
ol 2.94^. 
In the third chapter, the colour reaction ol 
some reducing substances such as hydrazine, phenylhydrazine, 
hydroxylamine, ascorbic acid and thioglycolic acid with 
vanadate ion has been made quantitative lor their determi-
nation. Vanadate ion is reduced by above mentioned 
substances resulting in the lormation ol a blue green 
coloured vanadyl ion. The absorbance is measured at 
685 nm. The reaction is dependent on time, amount of 
ammonium metavanadate and pH. 
In the fourth chapter, the ninhydrin test has been 
used for the spectrophotometric determination of hydrazine. 
A purple coloured product is obtained at pH 11.36. The 
product is extractable with butanol. The optimum 
wavelength for measuring absorbance is found to be 545 nm. 
Beer*s law holds good in the range, 0.1 to 1.0 mg of 
hydrazine hydrate and 0.3 to 3«0 mg of hydrazine sulphate. 
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The purple coloured product is called Ruheman's purple. 
In the filth chapter, ammonium hexanitrato-
cerate(IV) has heen used as a reagent lor the determination 
ol aromatic amines. Hexanitratocerate(IV) on interacting 
with aromatic amines produces an intense yellow colour. 
Ahsorhance is measured at 355 nm> Aliphatic amines do 
not interfere with their determination. Therefore, the 
colour reaction is selective for aromatic amines. 
Moreover, it is sensitive as the determination in microgram 
amount is possible. An alcoholic solution ol aromatic 
amine is avoided as ammonium hexanitratocerate(IV) 
produces a red complex with alcohols. Therefore, aromatic 
amine solutions are prepared in dioxane. Ammonium 
hexanitratocerate(IV) oxidizes an aromatic amine to a 
coloured quinoidal compound. The method is found to he 
reproducihle with a relative standard deviation of 1.95^. 
In the last chapter, a colour reaction between 
aromatic amines and ammonium metavanadate is developed 
which produces a red coloured product in the presence of 
phosphoric acid. The coloured product is extractable with 
hutanol in strong alkaline medium. This colour reaction 
5 
has been used for the spectrophotometric determination 
of some available aromatic amines. Absorbance is 
measured at 505 nm. The reaction obeys Beer's law in 
the range, 0.1 to 2,0 mg of aromatic amines. A tentative 
reaction mechanism has been proposed. Aliphatic amines 
produce no colour and, therefore, this method provides 
a differentiation between aromatic and aliphatic amines. 
SPECTROPHOTOMETRIC DETERMINATION OF 
ORGANIC AND INORGANIC SUBSTANCES 
THESIS SUBMITTED FOR THE DEGREE OF 
Bottor of $()Uos;Dpfip 
IN 
CHEMISTRY 
BY 
TAUSIFUL HASAN 
DEPARTMENT OF CHEMISTRY 
ALIGARH MUSLIM UNIVERSITY 
ALIGARH (INDIA) 
1 9 8 6 
2 7 A'-^ 1988 
T3400 
(S>cLieLiJL P'OL-f" .Hi. 
M.Sc, Ph.D., C-Chem., MRIC (London) 
Section Incharge 
Analytical & Environmental Laboratories 
Department of Chemistry 
Aligarh Muslim University 
Aligarh-202001 (India) 
Dated .2^.^9-19.66.... 
TMs I s to c e r t i f y that the t h e s i s e n t i t l e d 
*Spectroi^otometrlc determination of organic and 
inorganic substances* i s the or ig ina l vork of 
Mr. Tausiful Hasan and i s s u i t a b l e for submission 
for the degree of Doctor of Philosophy i n Chemistry, 
( SAIDUL ZAF. 
SUPERVISOR 
AcaCNOVLiiDGfiMENT 
I express my g r a t i t u d e t o Dr . Sa idu l Zafar Qureshi 
under whose guidance t h i s work was c a r r i e d o u t , 
I am a l so thankfu l t o Prof . M.S. Ahmad, Chairman, 
Department of CShemlstry for r e sea r ch f a c i l i t i e s . 
I wish to thank a l l my co l l eagues fo r t h e i r 
e x c e l l e n t c o - o p e r a t i o n . 
( TAUSIFUL HASAN ) 
Contents 
Page 
Chapter - I 
Introduction 1 
References 22 
Chapter - II 
Spectrophotometric determination of cysteine and 36 
cystine with ammonium molyhdate In the presence 
of phosphoric acid 
Chapter * III 
Spectrophotometric determination of some reducing 53 
substances with ammonium metavanadate 
Chapter - IV 
Spectrophotometric determination of hydrazine 69 
with nlnhydrln 
Chapter ~ V 
Spectrophotometric determination of some aromatic 84 
amines in microgram amounts hy ammonium 
hexanltratocerate(IV) 
Chapter - VI 
Spectrophotoraetrlc determination of some aromatic 98 
amines with amnonlum metavanadate 
List of Figures 
Page 
Fig 1 Absorption spectrum of the product obtained 41 
with ammonium molyhdate and cysteine 
Fig 2 Effect of reagent concentration 42 
Fig 3 Effect of volume of phosphoric acid 44 
Fig 4 Calibration curve of cysteine 45 
Fig 5 Absorption spectrum of the product obtained 57 
by interaction of hydrazine sulphate with 
vanadium(V) 
Fig 6 Effect of time on the blue green product 58 
Fig 7 Effect of reagent concentration on blue 60 
green product 
Fig 8 Effect of pH with 0.4 mg of hydrazine sulphate 61 
Fig 9 Calibration curves of some reducing substances 62 
Fig 10 Absorption spectrum of violet product obtained 74 
in 1-butanol with hydrazine by the action of 
nlnhydrin 
Fig 11 Effect of ninhydrin concentration 76 
Fig 12 Calibration curve of hydrazine hydrate 77 
Page 
Fig 13 Calibration curve of hydrazine sulphate 78 
Fig 14 Ahsorptlon spectrum of oxidation product 88 
of aniline 
Fig 15 Effect of ammonium hexanltratocerate 90 
concentration 
Fig 16 Absorption spectrum of the product obtained 102 
by the oxidation of aniline 
Fig 17 Effect of ammonium metavanadate 103 
concentration 
Fig 18 Effect of amount of phosphoric acid 104 
L i s t o f T a b l e s 
Page 
Table I Magnitude of d i s t r ibut ion o£ random 46 
errors in the determination of cys te ine 
Table II Magnitude of d i s t r i b u t i o n of random 64 
errors i n the determination of hydrazine 
sulphate 
Table I I I Determination of hydrazine sulphate in 65 
presence of foreign substances 
Table IV Magnitude of d i s t r ibut ion of random 79 
errors in the determination of hydrazine 
hydrate 
Table V Confirmatory with Beer ' s law 9I 
Table YI Magnitude of d i s t r i b u t i o n of random 95 
errors in the determination of a n i l i n e 
Table VII Confirmatory with Beer's law 106 
Table VIII Magnitude of d i s t r i b u t i o n of random 109 
errors in the determination of an i l ine 
C H A P T B B - I 
INfRODUCflON 
1 
INTRODUCTION 
CSiemlcal analysis refers to all techniques and methods 
lor discovering the identity and the amounts of constituents 
in a sample. Qualitative analysis is concerned with the nature 
and kinds of materials in the sample without specific interest 
in the exact amounts present. Quantitative analysis is concerned 
with amounts of various materials and the results of such 
analysis are expressible only in terms of numbers. In general, 
the qualitative composition of a sample must be known before a 
quantitative analysis may be made, there is no point in trying 
to determine the amount of a constituent unless it is first 
known whether or not that constituent is present at all. Also, 
it must be known if interfering substances are present. Quanti-
tative analysis derives much of its knowledge from other three 
divisions of chemistry. For example, knowledge of properties 
of substances on which analysis is based is drawn form inorganic 
and organic chemistry. Methods and instruments used for 
measurement in analysis are drawn from physics and physical 
chemistry. Almost any study in chemistry has its analytical 
aspect whether it is in research, development or production. 
Analytical chemistry permeates the other field of chemistry 
to such an extent that no chemist may consider himself free 
of its influence. With few exceptions, quantitative analysis 
is essential to all other areas of chemical science. 
Chemical analysis finds a constant application in a 
laboratory, technology, industry, medicine, agriculture, geology, 
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criminology and various other fields. 
The constituents to he detected or determined may he 
from inorganic or organic suhstances and the analysis 
correspondingly knovn as inorganic or organic analysis. 
Inorganic analysis has heen developed t*o estahlish, in many 
cases important fundamental laws of chemistry. Most of the 
reactions are straight forward and there is less prohahility 
of side reactions. The nature of inorganic suhstances is 
governed hy a numher of selective and specific reactions and, 
therefore, specificity and selectivity have heen studied in 
greater detail. 
Organic analysis on the other hand, deals with the 
organic reactions which are usually slower involving more 
complex mechanisms and with greater prohahility of side 
reactions. Memhers of homologous series show similar 
hehaviour or compounds containing same functional group are 
more alike chemically and, therefore, the mixtures are more 
complex. However, currently the situation is improving and 
a large numher of analytical chemists are working on organic 
analysis. 
Over the last three decades there has heen an increased 
interest in the field of organic analysis which may he divided 
into three groups (i) elemental analysis, (ii) functional group 
analysis, and (iii) analysis of compounds individually. 
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In the past, elemental analysis was the main source 
for qualitative and quantitative analysis of organic compounds. 
But at present, this is a less useful technique as it gives 
only the percentage of each atom present in the compounds. 
When an organic chemist is certain about the synthetic 
compound then this analysis is frequently used to confirm 
the identity of the product, mainly hy cartoon hydrogen analysis. 
The recent work on elemental analysis of organic compounds 
mainly in microgram amounts has toeen reviewed toy Ma and 
1 
Gutterson . 
Preference is given for the determination of an organic 
compounds toy functional group analysis rather than to elemental 
analysis toecause the functional groups give more characteristic 
informations than the elements. Functional group analysis 
also removes the uncertainty which exists in elemental analysis 
when the practical results do not coincide the theoretical 
values. At present the field of functional group analysis 
is developing at a rapid rate. The important work on functional 
group analysis has toeen reviewed toy Cheronis and Ma^, Siggia^ 
4 
and Weiss . 
The direct determination of a component in a mixture 
would toe the most satisfactory procedure. This requires not 
only the functional group analysis tout also additional specific 
reactions for a particular component. In certain cases where 
specific reactions are not avallatole the approach has toeen made 
to make the determinations selective. 
Quantitative analysis ol organic compounds in traces 
is of high importance hecause this gives the determination ol 
a component in a sample largely diluted with other materials. 
The principal techniques used for this purpose are: spectros-
copic, chromatographic, electrochemical and radiotracer 
techniques etc. The spectroscopic techniques include nuclear 
magnetic resonance, mass spectrometry, ultraviolet, infrared 
and visible spectrophotometry. The chromatographic methods 
include paper, thin layer, column, electrochromatography and 
gas chromatography. The electrical methods mainly used for 
this purpose are voltametry, conductometry and high frequency 
etc. The radiotracer techniques include mainly the isotopic 
dilution and activation analysis. Each technique has some 
merits and demerits. The comparison for the purpose of 
quantitative analysis is based chiefly on sensitivity and 
selectivity. The sensitivity of a method gives the minimum 
amount of a substance required for its suitable determination 
while the selectivity gives a critical view for the determina-
tion of a particular substance in presence of the others. 
The use of spectroscopic methods, however, has been 
made on the largest scale in organic analysis. Out of these, 
the use of spectrophotometry applied in visible region is 
preferred because of its simplicity. This is a very 
appropriate technique when a colour is formed by a particular 
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reaction. In the last few decades the developments in this 
technique have heen very extensive. 
Although colorimetric methods are among the earliest 
instrumental techniques but even today they are considered 
to be top ranking methods because of their wide utility. 
These methods are based fundamentally on the light absorptive 
capacity of the coloured materials in the solution form. The 
developnent of colour is achieved by chemical reactions. 
The term colorimetry has been used in t%^ o distinct 
senses. Firstly it means the determination of colour as a 
colour match for the given sample with some standard one. 
Secondly it means the determination of colour forming 
substances. However, the term visible absorptimetry is 
preferred. Two other terms photometry and spectrophotometry 
are in much use at present by the chemists instead of 
colorimetry. 
Colorimetry was recognised in 1850. From 1850 to 1900 
there appeared some well known methods specially for inorganic 
analysis but the progress has been slow. Interest developed 
in twentieth century and during the last few decades extensive 
work has been done on colorimetric determination of substances 
of inorganic and organic origin. In the field of organic 
analysis some books and reviews appeared during recent years. 
The treatise by Snell and Snell^ has been classic book in 
6 
this field and the hook entitled 'Determination of organic 
4 
compounds' hy F.T.Weiss reviews the recent work on the 
basis ol functional group analysis. 
It is significant to mention something regarding the 
principles of spectrophotometry. When a beam of light falls 
on an absorbing material, the radiation is absorbed by the 
material in the form of discrete packets of energy called 
photon. The absorption of photons may cause the change in 
rotational, vibrational and electrical energy. In the visible 
region (380 to 780 nm of the electromagnetic spectrum), the 
absorption of electrical energy mainly takes place to displace 
an outer electron in the molecule. The absorption spectrum 
showing the absorption at different wavelengths based on the 
nature of absorbing material, is a function of structure of 
absorbing molecule in terms of specific bonds, the position of 
bonds etc. Since no spectrum will be found in the visible 
region and therefore it is a poor region for the identification 
of substances. However, the selection of an optimum wavelength 
can be made from the absorption spectrum in which the material 
of Interest absorbs light at this wavelength to a maximum. 
At such wavelength the absorbance will be affected to a less 
extent by the interferences provided that the interfering 
substances absorb maximum light at different wavelengths. The 
absorption in the visible region has a large magnitude (giving 
higher molar absorptivities) and, therefore, dilute solutions 
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are adequate in this region and may be applied lor quanti-
tative work at trace analysis. For colorimetric determina-
tions certain requirements are to he fulfilled. The 
important ones are: confirmatory with Beer's law, stability 
of the colour, sensitivity and selectivity of the method. 
The organic compounds may be classified into the 
following groups based on different functional groups; 
carboxylic acids, carbonyl compounds, esters, alcohols, 
phenols, ethers, amines, amides, nitro compounds, hydrazines, 
mercaptans etc. They may also be categorised on the basis 
of their natures towards oxidisible and reducible substances. 
Amines are derivatives of ammonia in which one or more 
of the hydrogens are replaced by an organic radical. They are 
classified respectively, as primary, secondary and tertiary 
amines depending upon the number of hydrogen substituted. 
Like ammonia, all three classes of amines are electron donors 
and hence exhibit an alkaline reaction in amphlprotlc or 
acidic solvents, the basic strength depending upon the nature 
of organic radical and the number of hydrogen substituted. 
Host aliiftiatlc amines are stronger bases than ammonia and, 
therefore, can be readily titrated in aqueous solution with 
standard acid. On the other hand, aromatic amines such as 
aniline are generally much weaker than ammonia and can be 
titrated quantitatively only in more acidic solvents such as 
8 
acetic acid. 
The general methods used for the determination of 
amines are: titration (neutralization reactions), acetylation, 
diazotisation and nitrosation, AlijAiatic amines are 
sufficiently basic in nature and can he titrated hy a strong 
acid e.g., hydrochloric acid and perchloric acid, hut 
aromatic amines can not he titrated satisfactorily in aqueous 
solutions. Even at present the neutralization reactions 
provide an applicahle method of analysis for amines. The 
determination hy nitrosation is based on the reaction of 
nitrous acid with primary aliphatic amines and measuring the 
liberated nitrogen gasometrically *'. For aromatic amines 
the determination is based on the formation of a stable 
diazonium salt as an intermediate and has been used for a 
8 
number of primary aromatic amines . The determination of 
aromatic amines is based on the formation of schiff base 
resulted by the interaction of an amine with a carbonyl 
compound". Reaction with carbon disulphide forming dithio-
10 
carmic acid may be used for the estimation of secondary 
amine. The reaction gives the estimation of both primary 
and secondary amines. Secondary amines can be determined if 
the primary amines are removed prior to the addition of carbon 
disulphide. The use of 2-ethylhexaldehyde has been recommended 
for this purpose. Other methods have also been reported * * -^  
however, none of them is specific for secondary amines. 
9 
The titration procedure in non-aqueous medium has 
11 l4 heen used lor the determination of tertiary amines * 
The titrimetric methods, however, are oriented towards macro 
scale analysis and the results at micro levels are not 
reliable. Use of some faster methods like potentiometric, 
polarographic and spectrophotometric is preferable for low 
concentration measurements. Potentiometric titrations have 
been found useful for the differential quantitative analysis 
15 
of amines of different basic strength •'. 
Spectrophotometric methods have been proved to be the 
most useful for the determination of amines-^". Primary amines 
in milligram amounts can be determined using p-dimethylamino-
benzaldehyde '. Diazotization and coupling (with phenolic or 
amino compounds) have been used for the determination of 
18 primary aromatic amines in microgram range . A useful 
method for primary aliphatic amines has been reported using 
Janovsky reaction by 3,5-dinitrobenzoyl chloride^. 
Monoamines can be determined in presence of diamines by 
this method. Aromatic and aliphatic primary amines have been 
11 determined In millimole range by salicylaldehyde and copper . 
A method using carbon disulphide and copper has been reported 
to determine secondary amines at 440-450 nm in the presence 
20 
of primary amines . For tertiary amines a method has been 
reported using cis-aconitic anhydride and chloranil by 
21 
measuring the absorbance at 500 nm , Amine salts and 
10 
quaternary amine compounds i n t e r f e r e , P inacolonyl pyridinium 
22 bromide has been recommended for the de te rmina t ion of amines 
A l i p h a t i c amines i n mi l l imo le range have been t i t r a t e d 
s p e c t r e p h o t o m e t r i c a l l y by cinnamic anhydride , Photometr ic 
d e t e r m i n a t i o n of some aromat ic amines can be performed us ing 
NaClOp. However a l i p h a t i c amines i n t e r f e r e and excess of 
24 
r eagen t makes the co lour t o d i sappear . A fe-w methods have 
been r e p o r t e d for spec t ropho tomet r i c de te rmina t ion of 
i6 2*i-"27 
amines ' . Determinat ion of diphenylamine i n d i v i d u a l l y 
28 "-31 has r ece ived somewhat more a t t e n t i o n . An i l i ne has been 
determined s p e c t r o p h o t o m e t r i c a l l y by d i a z o t i s a t i o n - c o u p l i n g 
method wi th 8-amino- l -hydroxynapt i tha lene-3 ,6-d isu lphonie ac id 
32 
as coupl ing agent . A n i l i n e and i t s d e r i v a t i v e s are a l so 
determined wi th N,N-dimethyl-p-phenylenediamine i n presence 
of potassium f e r r i c y a n i d e o r potassium dichromate c o l o r i -
33 
m e t r i c a l l y . Ch lo ran i l i s used as a c o l o r i m e t r i c reagent 
34 ^ej fo r a l i p h a t i c and aromat ic amines '"^-'. A number of methods 
f o r de termining amines a r e a l so a v a i l a b l e i n t h e l i t e r a -
36-44 t u r e , Aromatic amines have been d e t e c t e d and determined 
s p e c t r o p h o t o m e t r i c a l l y with p-d imethylaminocinnamaldehyde^, 
A c o l o r i m e t r i c method for a romat ic amines d e s c r i b e s the 
formation of indamine dye by o x i d a t i v e condensa t ion of amine 
46 
wi th amidopyrine i n presence of i o d i n e . Rhodamine and i t s 
3 - s u b s t i t u t e d d e r i v a t i v e s a re used as c o l o r i m e t r i c reagen ts 
47 f o r primary a romat ic amines . Aromatic amines a re determined 
11 
In the nanoBiole amount by the in t e rac t ion with fluram forming 
48 
s tab le yellow der ivat ives . Use of 9-chloroacridine and 
i t s der ivat ives for spectrophotometric determination of 
primary aromatic amines has also been r e p o r t e d ^ . A method 
for determining aromatic amines has been developed using 
50 2,4-dinitrobenzoyl chloride . Spectrophotometric methods 
for aromatic amines using d iazo t i sa t ion have also been 
51-5*5 
reported , A spectrophotometric method for aromatic 
amines by d iazo t i sa t ion coupling technique with 8-amino-l-
hydroxynaphthalene-3, 6-disulphonic acid and N-(l-naphthyl) 
54 ethylenediamine as coupling agents has been developed • 
Coupling with 4-nitrobenzenediazonium ions has also been 
reported-^'^. Primary aromatic amines have been determined 
spectrot^otometr ica l ly using o-aminophenol and potassium 
iodate . The determination of primary aromatic amines has 
also been reported using N-alkylaminophenol and iodine as 
57 
reagents • The diazot izat ion-coupl ing technique has further 
been applied for s pec tro^Aio tome t r i e determination of aromatic 
amines^®. The t races of aromatic amines in water have 
recen t ly been determined by a spectroiAotometrie method 
59 using 4-aminoantipyrine . 
A comprehensive review for the determination of 
o 
hydrazine and i t s der ivat ives i s given by Ctoeronis and Ma . 
Studies have been reported on spec i f ic determination of 
phenylhydrazine ' '. I t has also been determined spec t ro -
12 
52 photometrically with chloranil . o-Hienanthroline and 
iron(III) are used for the determination of phenylhydrazine 
in industrial liquors "by extraction -^ . Spectrophotometric 
detennination of hydrazine using p-dimethylaminohenzaldehyde 
64-68 
as colouring reagent is reported . Hydrazine also reacts 
with p-dimethylaminocinnamaldehyde to form a wine red product. 
69 
The colour reaction is used for determining hydrazine , Some 
other reagents like salicylaldehyde^^, iron(III) and 
ferrozine^ -*-, phenolphthalein^^, sodium salt of ortho, meta or 
parasulphonamidobenzoic acids^^ and bindone' are used as 
colouring reagents for hydrazine determination. Some other 
methods for spectrophotometric determination of hydrazine are 
75-77 
also available in the literature " , 
Ascorbic acid is determined spectrophotometrically 
78—81 
using 2,4-dinitrophenylhydrazine . A simple colorimetric 
82 
method for ascorbic acid is developed using phosfAiotungstate . 
Comparison of 2,4-dinitrophenylhydrazine and phosphotungstic 
acid methods for colorimetric determination of vitamin C has 
g'T 
been s t u d i e d . Pe r roz ine method for a s c o r b i c acid a n a l y s i s 
84 has been compared with 2 ,4 -d in i t ropheny lhyd raz ine method , 
/ 85 ,86 
Ascorbic a c i d has been determined by c<fO(. - d i p y r i d y l , 
The formation of v i o l e t colour with 2 ,6-d ichloro iAienol -
indophenol i s used for a sco rb i c ac id de te rmina t ion ' " , 
Methyl t h i a z l y l t e t r a z o l i u m s a l t (MTT) has been used for 
90—92 
a s c o r b i c ac id e s t i m a t i o n . A number of methods for 
13 
spec t ropho tomet r i c de te rmina t ion of a s c o r b i c ac id a re a l s o 
a v a i l a b l e i n the l i t e r a t u r e ^ ^ - 1 0 4 ^ 
Riospho-18- tungs t i c a c i d i s a convent iona l r eagen t 
105,106 l o r t he spec t ropho tomet r i c de te rmina t ion of c y s t e i n e , 
A spec t rophotomet r ic method based on the o x i d a t i o n of c y s t e i n e 
by n i t r l l o t r i a c e t o f e r r a t e ( l l l ) i n presence of 1,10-phenan-
107 t h r o l i n e has been desc r ibed by Bydalek and Padolski • A 
number of spec t ropho tomet r i c methods for c y s t e i n e de te rmlna-
108 t i o n have been developed us ing selenium d iox ide , 
100 llO 
n inhydr in •^ , o-ph t h a i aldehyde , l - m e t h y l - 4 - n i t r o - 5 -
111 112 113 
ch loro imidazole , copper sulifliate , methyl g lyoxa l -^ ^ 
d ich lone^^* , ferrozine^-^^ g^^ 3 , 3 « - d i t h i o - b i s - ( 6 - n i t r o b e n z o i c 
l l 6 
a c i d ) • In a d d i t i o n , spec t ropho tomet r i c methods for t h e 
de te rmina t ion of c y s t e i n e based on the r e a c t i o n s of su lphhydry l 
117 118 group have been r e p o r t e d us ing Ullman »s reagen t * , sodium 
n i t r o p r u s s i d e ^ ^ ^ ' ^ ^ , 2 -v iny lqu ino l ine^^^ and P d ( l l ) c o n t a i n i n g 
r e a g e n t ^ ^ . Z-«< , y 3 - d i n i t r o s t i l b e n e has been r e p o r t e d as a 
new c o l o r i m e t r i c reagent fo r cy s t e ine ^ , Many o t h e r methods 
for the spec t ropho tomet r i c de te rmina t ion of cy s t e ine a r e 
124-127 
a v a i l a b l e i n the l i t e r a t u r e . A simple and s p e c i f i c 
c o l o r i m e t r i c de te rmina t ion of cys t e ine wi th p-dimethylamino-
128 
cinnamaldehyde has been developed , lUPAC A n a l y t i c a l 
Chemistry D iv i s ion , UK has publ i shed a paper t h a t d e s c r i b e s 
t h e de te rmina t ion of c y s t e i n e ^ , Cys te ine has been determined 
In a s c o r b i c ac id i n j e c t i o n with an a c i d n inhydr ln r e a g e n t ^ , 
14 
A spectroiAiotometric method lor determining cysteine with 
aminophenols and iron(ill) has recently been reported 
Carboxylic acids are methylated and then the 
hydroxamic acid is formed from the ester by the use of 
hydroxylamine. The addition of an acidified solution of 
alcoholic ferric perchlorate yields a stable red coloured 
complex of ferric hydroxamate which is measured colori-
metrically 132 
HOOOH t- CBttgNg ROOOCH^ + N 3 2 
BOOOCH3 + NHgOH -> BO0(NHOH) + C!H,OH 
3 
BOO (NHOH) Pe 3* B — C 
NH — 0 
0 Pe/, 
Patty acid is esterified with rosaniline to give a green dye 
which is read photometrically " , Small amounts of fatty 
acids in absence of other reducing substances are determined 
134 
using potassium dichromate in strong sulphuric acid . 
Spectrephotometric methods for the determination of carboxyllc 
acids with 2-nitrophenylhydrazine have also been 
developed'^5,136^ 
15 
Uses of Inorganic Reagents In Organic Analysis 
Both inorganic and organic reagents have been used 
for analyzing organic compounds. Very useful suggestions 
for working out of new direct tests are obtained by considering 
studies dealing with the analytical employment of the ability 
of organic compounds to form coloured products with Inorganic 
Ions. On the basis of such Investigations which occupy a 
broad field of Interest In the chemistry of specific, selective 
and sensitive reactions, It can now be stated with assurance 
that analytically useful effects of organic compounds can 
Invariably be attributed to the presence and activity of 
certain groups In the molecule of compound. It Is frequently 
possible to convert a colourless oy slightly coloured species 
to one that Is highly coloured so that a spectrophotometric 
determination may be made. Reactions of this type may be 
either direct or indirect. If the colour formation is direct, 
the desired compound is made part of coloured species being 
measured. An indirect reaction is one in which a stoichio-
metric relationship is established between the compound to be 
measured and some coloured species though the compound itself 
does not enter into the coloured species. Functional group 
analysis is of great Importance in both qualitative and 
quantitative work. In as much as the functional groups are 
the reactive parts of the compound, their reactions are the 
key to the classification and identification of most organic 
16 
compounds. The reactive group is often the functional group 
being analyzed whereas the reagent may he a simple inorganic 
ion. Most of the metals produce intense colours with organic 
compounds. Such reactions can he classified as oxidation 
reduction reactions and reactions involving the formation of 
a complex compound. Sandell estimated that for atleast three 
fourths of the metals, organic compounds are superior reagents 
because of better sensitivity or selectivity. Such reactions 
have also been used for the determination of organic compounds. 
This is nothing more than an application of the long standing 
principle that binaiy reactions can often be used analytically 
for each of the reactants. Reactions of inorganic reagents 
with organic compounds are generally rapid. As would be 
expected from the complexity of many organic compounds and 
from the large number of reactions they may undergo, a number 
of reagents have been suggested for their analysis. Frequently, 
quantitative determination of a compound can be made with 
reagents which, though quite general in reactivity can be 
considered specific under certain conditions. 
Those coloured products that are water soluble can, 
of course, readily be determined spectrephotometrically 
directly in the reaction solution. The main problem in such 
cases 1s to distinguish the colour of product from that of 
reagent (if any). The water insoluble products are frequently 
soluble In organic solvents. Prior to spectrephotometric 
17 
measurement these products may be extracted by the solvent from 
the reaction mixture. Extractive procedures are useful for 
concentrating coloured substances. In some cases there is an 
intensification of colour beyond that due to concentration. 
Oxyanions of metals or non-metals are very promising 
colorlmetrlc reagents. They can produce intense colours with 
organic compounds by either oxidizing them or forming complexes. 
Sometimes, a coloured product may be obtained by the reduction 
of oxyanion by certain organic compound as the lower oxidation 
states of metals which constitute oxyanions are variously 
coloured. Such inorganic reagents are generally cheap and 
commonly used. Some of these reagents available in the 
laboratory are; chromate, dichromate, permanganate, thiocyanate, 
ferrocyanide, ferricyanlde, nltroprusside, chlorate, perchlorate, 
bromate, iodate, periodate, arsenate, vanadate, molybdate, 
tungstate, hexanitratocerate(lV) etc. However, studies of 
inorganic reagents used in organic analysis are meagre. 
Ammonium hexanitratocerate(lV) has been used in func-
tional group analysis as it produces red complexes with alcohols 
which can be employed for their spectrephotometric determl-
137-140 
nation . A recent method for the determination of 
sulphonamides describes the use of ammonium hexanitrato-
cerate(lV) as a spectrephotometric reagent , Hexanitrato-
cerate(lV) has been reported to be a good oxidizing agent for 
the colorlmetrlc determination of organic compounds, A 
18 
qualitative detection of aromatic amines using this reagent 
142 is reported . However, we utilized this colour reaction 
to be made quantitative lor the determination of aromatic 
amines. 
Molybdenum(VI) compounds like ammonium molybdate, 
molybdic acid, phosphomolybdle acid etc. have been used as 
the reagents in organic analysis as they produce intense blue 
colour with some organic compounds. The compounds to be 
determined act as reductants to produce blue coloration by the 
partial reduction of acidified molybdate solution. This blue 
coloration is called molybdenum blue. The products comprised 
under the general name of molybdenum blue actually represent 
a variety of different substances. In addition to their deep 
blue colour, it is common to all the substances that they 
contain molybdenum in an intermediate mean valence state equal 
to or higher than 5 but lower than 6. The water in these 
compounds is constitutional, and Glemser therefore formulated 
them as hydroxides (Mo^^^eCOH)^^^, UOIP^Q(0E)2 and M O ^ ^ ( 0 H ) 2 ) . 
The formation of molybdenum blue has been used for colorlmetric 
determination of phospholipids ^ , mercaptans , hydrazine ^ 
146 
and ascorbic acid ". A review which describes these 
colorlmetric systems using molybdic acid has been appeared '. 
A complex of reagents containing ammonium molybdate and 
malachite green B is used for determining acid and alkaline 
148 phosphatase , Ammonium molybdate has been used for the 
determination of phenylhydrazine 
19 
149 
Ammonium metavanadate has been used as a colorimetric 
1*50 I'll 
reagent lor hydroxamic acids •^•-'. It has also been used 
for spectrophotometric determination of inorganic and organic 
152 153 
acids , A number of methods for determining Isonlazid , 
154 155 156 157 
N-phenylanthranilic acid , amlnopyrlne , strychnine -^  » •" 
and carvone in essential oils^5° have been reported using 
ammonium metavanadate. A colorimetric procedure for 1-naphthol 
159 describes the use of ammonium metavanadate as a reagent . 
Sodium metavanadate has also been used as a spectrophotometric 
reagent for nicotlnoyl hydrazine , l-naphthylamine , 
oxalic acid and tartaric acid . A method for estimating 
serum glucose with vanadium(V) has been reported . Vanadlum(V) 
is a good complexing and moderate oxidizing agent and, 
therefore, its use has been extended in the analysis of 
functional groups. 
Potassium hexacyanoferrate(III) has been used as an 
oxidant in the colorimetric determination of primary aromatic 
amines-'^ "^ ^ diphenylamlne"^°°, thiols-^ '^^ , polysulphide compounds•'^ ®^ 
and some reducing agents' , Colorimetric methods for estimating 
plant phenolics^^^^ 1-naphthol^ '''^ , dichlorophenolindophenol"^ '''^ , 
172 17^ 
indole and lignin '-^ are developed using this reagent. A 
sensitive colorimetric procedure for biogenic amines and their 
decomposition products has also been reported ' . Perrlcyanide 
has also been used in the spectrophotometric estimation of 
20 
hemoglobin and alkaline phosphatase ' , It Is also 
used as a colorimetric reagent In the determination of 
178 100 179 
reducing sugars in molasses ' and ascorhic acid * '^, 
Lactic acid * and glyoxalic acid have been determined 
spectrophotometrically using ferricyanide as an oxidizing agent. 
Periodate is a good oxidant. The oxidation ol organic 
183 
compounds by periodate has been reviewed by Sklarz . However, 
its uses as a colorimetric reagent are seldom. It is used as 
an oxidizing agent in colorimetric determination of fatty 
oils and dihydrostreptomycin ^. It has also been used as 
a colorimetric reagent for mannisidostreptomycin . The use 
of periodate as a reagent in the colorimetry of organic 
compounds can be extended on the basis of its oxidizing 
property. 
Some work on the uses of inorganic reagents in the 
colorimetry of amines has earlier been reported. The formation 
of complex with copper sulphate has been employed for spectro-
photometric determination of amines . Iron(III) nitrate has 
also been used as a colorimetric reagent for amines , Cr(VI) 
is used for the spectro0iotometrie determination of primary 
18? 
aromatic amines . 
In this thesis, we have also described the use of 
some of inorganic reagents to be used in the determination of 
some organic functional groups. Hexanitratocerate(IV) on 
21 
interacting with aromatic amines produces an intense colour. 
This colour reaction is studied lor spectrophotometric 
determination of aromatic amines. Aliphatic amines do not 
interfere with their determination. Therefore, the colour 
reaction is selective for aromatic amines. Moreover, it is 
sensitive as the determination in microgram amount of aromatic 
amines is possible. In another reaction, aromatic amines 
interact with ammonium metavanadate to produce coloured 
product which is extractable with butanol in presence of 
strong alkaline medium. Aliphatic amines produce no colour 
and, therefore, this method provides a differentiation between 
aromatic and aliphatic amines. Vanadate ion can be reduced 
by hydrazine, phenylhydrazine, hydroxylamine, ascorbic acid 
and thioglycolic acid resulting in the formation of blue 
green coloured vanadyl ion, VO . Amnwnium molybdate 
produces a blue coloration with cysteine. The same colour 
is obtained with reduced form of cystine. Therefore, 
studies have been made to use ammonium molybdate as a 
colorimetric reagent for cysteine and cystine. 
22 
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C H A P T E R - I I 
SPECTBOEHOTOMETRIC PJSTERMINA'PION OF CYbTKINE AND CYSTINE VITH 
AMMONIUM MDLYBDATE IN THE PRESENCE OF PHOSPHORIC ACID 
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INTHODUCTION 
A convent iona l r eagen t for t h e c o l o r i m e t r l o e s t ima t ion 
of cy s t e ine i s phospho-18- tungs t ic a c i d with i n some cases 
c y s t i n e converted t o a reduced form and determined a t the 
2 
same time . A spec t ropho tomet r i c method based on the 
o x i d a t i o n of c y s t e i n e by n i t r i l o t r i a c e t o g e r r a t e ( I I I ) i n the 
presence of 1 ,10-phenanthrol ine has been desc r ibed by Bydalek 
3 
and Padolski • The o t h e r r eagen t s used for i t s s p e c t r o p h o t o -
4 "i 
m e t r i c de te rmina t ion a r e : selenium dioxide , n inhydr in- ' , 
o -ph tha ia ldehyde , l - m e t h y l - 4 - n i t r o - 5 - c h l o r o i m i d a z o l e ' , 
copper su lphate®, methy lg lyoxa l^ , dichlone-'-^, f e r r o z i n e ^ 
and 3 - ^ - ( 4 - s u l p h o p h e n y l ) -2-pyr idyl75-(4-sulphoif t ienyl ) -
12 l , 2 , 4 - . t r i a z i n e o r PPTS-^'', In a d d i t i o n , t h e spec t ro jd io tometr ic 
methods f o r t h e de te rmina t ion of c y s t e i n e based on the 
r e a c t i o n s of sulphhydryl group have been r e p o r t e d us ing 
Ullman's r e a g e n t ^ ' , sodium n i t r o p r u s s i d e ^ ' , 
2 - v i n y l q u i n o l i n e * ^ , 3 , 3 * - d i t h i o - b i s - ( 6 ~ n i t r o b e n z o i c acid)^®, 
Z - « ^ , y 6 - d i n i t r o s t i l b e n e ^ ^ * ^ ^ and P d ( l l ) con t a in ing r e a g e n t ^ ^ . 
Some o t h e r methods fo r i t s spec t ropho tomet r i c de te rmina t ion 
22—24 
are a l so a v a i l a b l e i n the l i t e r a t u r e . 
CSysteine i s an aminoacid which has a su lphhydryl 
g roup . Due t o the presence of t h i s group c y s t e i n e has been 
d i f f e r e n t i a t e d from the o t h e r aminoacids and sometimes 
37 
determiued specifically. As the reactions of organic 
compounds with the metals are considered to he the most 
sensitive, it was decided to study the colour reactions 
of cysteine with different metallic reagents. Ammonium 
molyhdate has proved to he an important reagent in this 
regard. It gave a blue coloration vith cysteine on 
heating in presence of phosphoric acid. The sensitivity 
of the reaction has been enhanced by setting the 
experimental conditions. The reduced form of cystine 
also gave the same blue colour. 
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EXPERIMENTAL 
Apparatus 
A Bausch & Lomb Spectronic 20 (USA) was used for the 
absorbance measurements. 
Chemicals and reagents 
All the reagents used were of analytical grade, 
A 0.1^ cysteine and cystine solutions were prepared in 
conductivity water adding 10 ml of l.OM hydrochloric acid. 
These solutions were diluted according to the requirement. 
A O.IH ammonium molybdate solution was prepared by 
dissolving 12,36 g in 100 ml water by heating, 
A 1,5M o-phosphoric acid, l.OM and O.IM hydrochloric 
acid solutions were also prepared. 
Determination of Cysteine 
Procedure 
One m i l l i l i t r e of sample solut ion containing 10-200 Axg 
cysteine was t rea ted with 2,0 ml of O.IM hydrochloric acid and 
2,5 ml of O.IM ammonium molybdate in a boi l ing tube. To the 
mixture, added 1.0 ml of 1.5M phosj^oric acid and i t was d i lu ted 
39 
by approximately 8 ml conductivity water. The contents were 
heated on a boiling water bath for 30 minutes. After that 
it was cooled and transferred to a 10 ml standard flask 
followed by 1.0 ml of 15M phosphoric acid. The final volume 
was made upto the mark by adding conductivity water. Absorbance 
was measured at 780 nm against a blank. 
Determination of Cystine 
Procedure 
One ml of sample solut ion containing 10-200 Aig cystine 
was f i r s t reduced by heating with zinc f i l l i n g s containing 
2.0 ml of O.IM hydrochloric ac id . I t was f i l t e r e d , the 
f i l t r a t e which contained cys te ine , now determined by the 
procedure mentioned above. 
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RESULTS 
Absorbanc© of the coloured product obtained by the 
interaction of cysteine and ammonium molybdate was recorded 
at stepwise increasing wavelengths. The maximum absorbance 
was obtained in the wavelength range 750-800 nm (Pig l). 
For the determination, 780 nm was selected as the most suitable 
wavelength. In order to set the conditions for the quantitative 
determination of cysteine and cystine, the effects of possible 
variables were studied. The results are summarized as 
follows* 
Effect of reagent concentration 
Different volumes of O.IM ammonium molybdate solution 
were added to cysteine solution containing 0.2 mg followed by 
2,0 ml of O.IM hydrochloric acid, 1 ml of 1.5M phosphoric acid 
and approximately 8 ml of water. The contents were heated 
on a boiling water bath for 30 minutes. The mixture was 
cooled and transferred to a 10 ml standard flask followed 
by 1.0 ml of 15M phosphoric acid. It was made upto the mark 
adding conductivity water. Absorbance was made at 780 nm 
against a blank reagent. It was observed that the absorbance 
increased with the increasing volume of ammonium molybdate 
and reached to maximum at a volume of 1.5 ml (Fig 2). Using a 
high volume of reagent, it made no appreciable effect on 
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FIG. 2 . EFFECT OF REAGENT 
CONCENTRATION 
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absorbance. However, the s t a b i l i t y ol the coloured complex 
Increased very much and, the re fore , a 2,5 ml of the reagent 
volume was se lec ted for such s t u d i e s . 
Effect of volume of phosphoric acid 
Different volumes of 1.5M phosphoric acid were added 
to the mixtures containing 0.2 mg of cyste ine , 2 ml of 
O.IM hydrochloric acid and 2.5 ml of O.IM ammonium molyhdate 
solut ion and the colour was developed using the r equ i s i t e 
conditions and absorbance was recorded of each of the 
coloured complex. I t was found tha t the range 0.8-1,0 ml 
of 1,5M phosphoric acid gave the optimum r e s u l t s (Fig 3 ) . 
Confirmatory with Beer*s law 
Beer ' s law holds good in the range of 10-200 Aig of 
cysteine and cyst ine for monochromatic r a d i a t i o n . Experimental 
r e s u l t s showing a l i nea r r e l a t i on are presented in Fig 4 . 
Study of precis ion 
The reproduc ib i l i ty of method was checked by ten 
r ep l i ca t e determinations of 50 ^g of cysteine and the r e l a t i v e 
standard deviation was ca lcu la ted . The r e s u l t s are given 
In Table I , 
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Table I Magnitude o f d i s t r i b u t i o n of random e r r o r s i n 
t h e de te rmina t ion of c y s t e i n e 
Amount t aken , fxg iUnount found, /iig 
50 
50 
52 
52 
50 
52 
50 
48 
48 
50 
Standard d e v i a t i o n s 1,47 ^ g 
R e l a t i v e s t a n d a r d dev i a t i on a 2«94S( 
So lu t ion No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
t tai 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
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Study of Interferences 
A study of in ter ference of some of aminoacids was 
made In the determination of 50 >ug of cys te ine . I t was 
found tha t the presence of glycine, l y s i n , leucin , d l - i so l euc ln , 
methionine, prol ine , a spa r t i c acid, glutamic acid, threonine, 
d l - a l an ine , a rg in ine , tryptophan, asperglnine, dl-phenylalanine 
and se r ine could he t o l e r a t ed with a maximum amount of 1.0 mg 
of each. Oxalic acid, t a r t a r i c acid and glucose did not 
i n t e r f e r e in i t s determination upto an amount of 0*5 mg. 
Hydrazine and ascorbic acid were found to i n t e r f e r e . 
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DISCUSSION 
The results of this study reveal that this test can 
be successfully used for the determination of cysteine and 
cystine. The oxidation of cysteine with a few oxidizing 
25 
agents has been reported resulting the formation of cysteic 
acid. On the basis of these studies, a tentative reaction 
mechanism between cysteine and ammonium heptamolybdate in the 
presence of jdiosphoric acid has been proposed. Ammonium 
heptamolybdate under the given conditions oxidises cysteine 
into cysteic acid and itself reduces to molybdenum blue. 
SH NH„ SO--H NHo 
1 1 ^ 1 ^ I ^ 
GHg— CH— i » ^ • 6M0O3 + 9H^ = CH2~CH-^002H + 6M0O (OH)^ 
Cys te ine Cys te ic a c i d 
The formation of molybdenum b lue has r e c e n t l y been used 
2fi i n the de te rmina t ion of a sco rb ic a c i d and some b i o l o g i c a l l y 
27 Impor tan t compounds . Molybdenum b l u e s are mixed va lence 
ox ide-hydroxides con ta in ing Mo(V) and Mo(VI). Apparent ly a 
s e r i e s of compounds e x i s t s with MoO(OH)3 and M0O3 as the l i m i t s , 
t h e b l u e compounds have composition between the se l i m i t s . 
49 
The calibration curve lor systine is prepared alter 
its reduction with zinc lillings and hydrochloric acid. 
Cystine has two cysteine units joined together by disulphide 
bond. On reduction the disulphide bond is splited and the 
Iree -SH groups are lormed. 
HOO2 - CH2- C E 2 - S - S - C H 2 - a a - OO2H ^"^HCl^^"^ ^ 
<5y«*i»« SH NI^ 
2 I I 
CH2 - GH - OOgH 
Cysteine 
The method is lound to be reproducible with a 
relative standard deviation ol 2.94%. 
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INTRO PUCTION 
Reactions between metal ions and organic compounds 
are useful from analytical point of view because of their 
greater sensitivities. These reactions result in the formation 
of intense coloured products due to complex formation or 
oxidation-reduction. In case of redox reactions, the coloured 
product may be an oxidized organic compound or a reduced 
inorganic ion. Such reactions can be used for the determination 
of organic compounds with inorganic ions. However, inorganic 
reagents have not widely been used in organic analysis. Out of 
a large number of inorganic compounds, a few have been 
successfully used as reagents in organic analysis, jftmmonium 
metavanadate has been used as a reagent in the spectrophoto-
1 
metric determination of organic acids , It has also been 
2 
used in the colorimetric determination of carvone , serum 
3 h 
glucose-^  and 1-naphthol . Sodium metavanadate is used as a 
reagent in the spectrephotometric determination of oxalic 
5 6 7 8 
acid , tartaric acid , nicotinoyl hydrazide' and isoniazid , 
In this chapter we describe the uses of inorganic 
reagents in organic analysis. Ammonium metavanadate produces 
blue green colour with some reducing substances such as 
hydrazine, phenylhydrazine, hydroxylamine, ascorbic acid 
and thioglycolic acid. This reaction has been made 
quantitative for colorimetric estimation of the above 
mentioned substances. 
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EXPERIMENTAL 
Apparatus 
A Bausch & Loral) Spec t ron ic 20 (U.S.A.) was used l o r 
t h e spec t ropho tomet r l c work. 
Reagents 
All the reagents used were of analytical grade, 
0.15^  (w/v) Solutions of hydrazine sulphate, hydroxyl-
amine hydrochloride and ascorbic acid were prepared in 
conductivity water. An alcoholic 0.1^ (v/v) phenylhydrazine 
and an aqueous 0.1^ (v/v) thioglycolic acid were prepared, 
A 2% (w/v) ammonium metavanadate solution was prepared 
in conductivity water hy heating, 
A buffer solution of pH 6.47 was prepared by mixing 
M M 
70 ml of 7T sodium dihydrogen phosphate and 30 ml of -rr 
q disodium hydrogen phosphate-^. 
Procedure 
An aliquot volume of the sample solution containing 
0.2 to 10 Ai mole is treated with 3 ml of 2% ammonium meta-
vanadate solution. The reaction mixture is allowed to stand 
at room temperature for 10 minutes. A blue green colour is 
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developed. Add 4 ml of phosphate buffer of pH 6,47 and 
t rans fe r the contents to a 10 ml standard f l a sk . Add 
conductivity water to the required mark and allow the 
mixture to stand for 30 minutes. Measure the ahsorbance 
against a reagent blank. 
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RESULTS 
The spectrum of blue colour vas found to give a 
maximum absorbance at 685 nni (Fig 5 ). 
In order to set the conditions for the determination 
of reducing substances, the effects of possible variables 
were studied. The results are summarized as follows. 
Effect of time 
A 0.4 ml hydrazine sulphate solution was taken and 
treated by the recommended procedure to obtain a blue green 
coloured product, Absorbance was taken against reagent blank 
at various time intervals. It was found that the absorbance 
of the coloured product became constant after a time interval 
of 30 minutes (Fig 6). Therefore, it was recommended that 
the absorbance measurements should be done after this period. 
Effect of ammonium metavanadate concentration 
To a 1.2 ml of 0.1^ hydrazine sulphate solution, 
different volumes of 2% ammonium metavanadate solution were 
added. These solutions were allowed to stand at room 
temperature for 10 minutes. A blue green colour was developed 
in each solution to which a 4 ml buffer of pH 6.^ 7 was added. 
Total volume of each solution was made to 10 ml with 
conductivity water. Absorbance was read after 30 minutes 
0-4 
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against respective reagent blanks. It was observed that on 
increasing the amount of reagent, absorbance was found to 
increase and reached to a maximum value with 3 ml of 
ammonium metavanadate solution (Fig 7). 
Effect of pH 
A 0.4 ml of 0.1% hydrazine sulphate was treated with 
3 ml of ammonium metavanadate solution followed by the 
recommended procedure. To this k ml of buffer solutions of 
different pH e.g. 5.91, 6.24, 6.4?, 6.64, 6.81, 6.98, 7.17, 
7.38, 7.73 and 8.04 were added. The total volume of each 
solution was made upto the mark in a 10 ml standard flask. 
Absorbance was read after 30 minutes. It was observed that 
the highest absorbance was obtained with buffer of pH 6.47 
(Fig 8). 
Confirmatory with Beer's law 
Beer's law holds good in the range of 0.1 to 1.2 mg 
of hydrazine sulphate, 0.1 to 1.0 mg of phenylhydrazine, 
0.1 to 0.6 mg of hydroxylamine hydrochloride, 0.1 to 1.6 mg 
of ascorbic acid and o.l to 1.0 mg of thioglycolic acid for 
monochromatic radiation. Experimental results showing a 
linear relationship are presented in Fig 9. 
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Study of precision 
The reproducibility of the method was checked by 
six replicate determinations of 0.6 mg of hydrazine sulphate 
The standard deviation and relative standard deviation were 
calculated. The results are given in Table II. 
Study of charge on the product 
The sign of the charge on blue green product was 
determined by shaking it with a cation and anion exchange 
resin. It was found that the cation exchange resin turned 
blue. Hence, it is a positively charged coloured species. 
Study of interferences 
In order to check the validity of method, one mg of 
foreign substances were added to a 0.6 mg of hydrazine 
sulphate. It was found that this amount could be tolerated 
in its determination (Table III), 
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Table II Magnitude of distribution of random errors in 
the determination of hydrazine sulphate 
Solution No. Amount taken, rag Amount found, mg 
1 0.60 0.60 
2 0.60 0.61 
3 0.60 0.61 
4 0.60 0.60 
5 0.60 0.59 
6 0.60 0.59 
Standard deviation = 0.00894 mg 
Relative standard deviation = 1,49^ 
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Table I I I Determination of hydrazine sulphate in 
presence of foreign substances 
Solution 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
Amount of 
hydrazine 
sulphate 
taken, mg 
0.60 
0.6o 
0.6o 
0.60 
0.60 
0.60 
0.60 
0.6o 
0.60 
0.6o 
0.60 
0.60 
Foreign 
substance 
added 
Trimethylamine 
Aniline 
Glucose 
Fructose 
Tartaric acid 
Oxalic acid 
Pyruvic acid 
Formic acid 
Glycine 
Methionine 
Cysteine 
Citric acid 
Amount 
added, 
mg 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
0.1 
1.0 
1.0 
1.0 
1.0 
1.0 
Amount of 
hydrazine 
sulphate 
found, mg 
0.6o 
0.61 
0.60 
0.60 
0.61 
0.61 
0.59 
0.61 
0.60 
0.60 
0.61 
0.61 
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DISCUSSION 
This study reveals that the recommended procedure 
can be successfully applied lor the determination of some 
reducing substances e.g. phenylhydrazine. The colour 
reaction of reducing substances \*ith ammonium metavanadate 
has been made quantitative by setting certain experimental 
conditions. The reaction is dependent on time, amount of 
ammonium metavanadate and pH. 
It is a well known fact that ammonium metavanadate 
is a good oxidizing agent and has been used as a reagent 
in the oxidation of organic compounds. A quantitative 
oxidation of hydrazine to nitrogen with vanadium(V) has 
been reported in two different ways i.e. (l) By 1-electron 
transfer reagent (2) By 2-electron transfer reagent . 
(1) Oxidation of hydrazine to nitrogen by 1-electron 
transfer reagent 
dimerization , i N^Hg ^ ^ ^2 * ^ 
-(e> / 
N2H4 ^—'—^ N2H3 
- ( ^ > ' ^ N 2 H 2 ^ N2 
(2) Oxida t ion of hydraz ine t o n i t rogen by 2 - e l e c t r o n 
t r a n s f e r reagent 
- ( 2e ) 
N2H4 > N2H2 y N2 
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Vanadium(V) i s reduced by hydrazine to vanadium(lV) and 
between 3,5 and 4 V(V) ions are reduced per hydrazine 
molecule oxidized. I t i s , therefore , suggested that the 
predominant reaction with vanadium(V) i s 
V(V) + N ^ 4 > V(II I ) + N2H2 
The following reaction occurs rapidly 
V(V) + V(III) ^ 2 V(IV) 
The overall reaction thus approximates to 
k V(V) + NgH^ > 4 V(IV) + Ng 
Vanadium(lV) exists as oxovanadium(lV) species, VD called 
vanadyl ion in aqueous solution. It is a blue green 
positive divalent ion. The study of charge showed that the 
product is positively charged which supports the formation 
of vanadyl ion. 
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C H A P T E R - IV 
SPflCTBOfflOTOMffl!RIC DfiTEHMINATION. OF HYDRAZINE 
WITH NINHYDKIN 
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INTRODUCTION 
2,2-Dihydroxy-l,3-indancllone or ninhydrin was f i r s t 
•f prepared by Ruheman . He found tha t o<-amlnoaclds vhen 
warmed with ninhydrin gave a fine purple colour. The colour 
was cal led Ruheman's purple. This colour react ion was 
ana ly t i ca l ly very important and used for the detect ion and 
spectrophotometric deteirmination of aminoacids . Davies, 
Wolfe and Perry developed the react ion for the spectrophoto-
metric determination of primary a l i pha t i c amines-'. Proline 
has also been determined spectrophotometrically making use 
of the ninhydrin t e s t , Williams and Mil le r reported the 
use of ninhydrin in the spectrophotometric determination of 
monoethanolamine and ammonia^. 
During the course of study on the colour react ions 
of ninhydrin with di f ferent ammonia de r iva t ives , i t was 
found tha t the colour react ions of reagent with hydrazines 
have not been s tudied. Hydrazine and i t s der ivat ives have 
found appl icat ion for a wide var ie ty of purposes. Such 
uses as are disclosed depend upon one or more of the 
cha rac t e r i s t i c chemical propert ies of hydrazine, e i ther 
by i t s e l f or as modified by chemical react ion or combination. 
Hydrazine i s a readi ly oxidizable material and for t h i s 
reason has served as a fuel , as an an t i -ox idan t , preservat ive , 
photographic developer and chemiluminescent mate r ia l . I t 
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Is a pov/erlul reducing agent for both inorganic and organic 
compounds. Hydrazine is an endothermic compound and 
possesses a high nitrogen content. These two factors have 
served to direct interest to hydrazine and hydrazine 
compounds as explosives and as fuels, and as intermediates 
for the production of explosives and propellants. Hydrazine 
is a hasic substance and will, therefore, react with acids 
to give hydrazine salts. Some of these have found application 
in the metal processing industry where the reducing character 
of hydrazine and the acidic character of hydrazonium ion are 
employed to advantage. Hydrazine is a polar compound and 
in combination with organic radicals has found application 
as a surface active agent, as a hydrogen bonding agent and 
in the production of plasticizers and softeners. Hydrazine 
is a polyfunctional molecule. Its acyl and alkyl derivatives 
have, therefore, been evaluated as starting materials for 
the manufacture of resins, coatings and adhesives. Hydrazine 
is a somewhat toxic substance and possesses distinctive 
physiological properties. It imparts these characteristics 
to many of its derivatives, some of which have, therefore, 
found application or been suggested for use as insecticides, 
preservatives and pharmaceuticals. Hydrazine is a very 
reactive chemical substance. It resembles ammonia and water 
as a solvolytic reagent and will, therefore, effect 
hydrazinelysis of inorganic and organic acid chlorides. 
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esters of organic and inorganic acids, as well as of 
reactive halogen compounds. 
On the basis of wide application of hydrazine, an 
interest developed to carry out a simple and direct test 
for hydrazine determination. It was observed that ninhydrin 
reacts with hydrazine upon the addition of sodium carbonate 
solution resulting in the formation of a purple product. The 
product was extractable with 1-butanol. This reaction has 
been studied for spectrephotometric determination of hydrazine, 
Some methods for its spectrophotometric determination are 
6-15 
already available in the literature 
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JSXPfiRIMMTAL 
Apparatus 
A Bausch & LomT) Spec t ron ic 20 (U.S.A.) was used 
l o r the spec t ropho tomet r i c vorfc. 
Reagents 
All the reagents used were of analytical grade. 
A 0.1% solution of hydrazine hydrate and hydrazine 
sulphate were prepared in conductivity water. 
1% Aqueous ninhydrin solution was used as a reagent. 
A buffer of pH 11.36 was prepared by making O.IM 
sodium carbonate, A 50 ml of O.IM sodium carbonate solution 
was diluted to 100 ml with conductivity water to obtain a 
16 
solution of required pH . 
Procedure 
An aliquot volume of the sample solution containing 
1 to 25 /u mole hydrazine was treated with 2.5 ml of 1% 
aqueous ninhydrin and 5 ml of buffer solution of pH 11.36. 
The reaction mixture was allowed to stand at room temperature 
for 30 minutes to develop the colour. The solution was then 
shaken with 10 ml of 1-butanol in a separatory funnel. 
Butanol layer was separated and the absorbance of the purple 
colour was measured at 5^ 5 nm against the reagent blank. 
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RESULTS 
The spectrum of the purple coloured product extracted 
in 1-hutanol was prepared. The maximum ahsorhance was 
obtained at 5^ 5 nm (Fig 10). In order to set the conditions 
lor the determination of hydrazine, the effects of possible 
variables were studied. 
Effect of time 
1 Ml of 0,1% hydrazine hydrate (v/v) was treated with 
2.5 ml of 1% aqueous ninhydrin solution followed by the 
addition of 5 ml of 0.05M NagCJO,. The reaction mixture was 
kept at room temperature to develop the colour. A coloured 
product was obtained after 20 minutes and the intensity of 
colour reached to maximum after 30 minutes. The product was 
extracted in 10 ml butanol. It was found that this coloured 
product was stable to several days. Hence, absorbance 
studies were made after 30 minutes. 
Effect of ninhydrin concentration 
To 1 ml of O.lfo hydrazine hydrate (v/v), different 
volumes of 1% aqueous ninhydrin were added. The reaction 
mixtures were treated with 5 ml buffer of pli 11.36 and were 
kept for 30 minutes. The coloured products were extracted 
with 10 ml of butanol and their absorbances were noted. 
The results showed that highest absorbance was obtained 
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440 480 520 560 
WAVELENGTH,nm 
600 
ABSORPTION SPECTRUM OF VIOLET 
PRODUCT OBTAINED IN 1-BUTANOL WITH 
HYDRAZINE BY THE ACTION OF NINHYDRIN. 
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with 1.6 ml which remained, unaffected with higher amounts 
of ninhydrin (Fig l l ) . A 2.5 ml of the reagent was, 
the re fore , used for the determination. 
Confirmatory with Beer ' s law 
Beer 's law holds good in the range of 0 .1 to 1,0 mg 
of hydrazine hydrate and 0.3 to 3,0 mg of hydrazine sulphate 
for monochromatic r a d i a t i o n . Experimental r e su l t s showing 
a l i nea r re la t ion are presented in Fig 12 and 13. 
Study of precision 
The reproduc ib i l i ty of method was checked with ten 
r ep l i ca t e determinations of 0,5l5 mg of hydrazine hydrate 
and the r e l a t i ve standard deviation was calculated (Table IV), 
Study of Interferences 
A study of interference of some compounds was made 
in the determination of 0.515 mg of hydrazine hydra te . I t 
was found that the presence of ammonia, ascorbic acid, oxal ic 
ac id , 1,2-diacetylhydrazine, N,N'-dicarbethoxyhydrazine 
and maleic hydrazide could be to l e r a t ed with a maximum amount 
of 0 .1 mg of each. Hydroxylamine did not in te r fe re in i t s 
determination upto an amount of 0 .1 mg but i t s higher amount 
i n t e r f e r e d . Fhenylhydrazine, an i l ine and trimethylamine 
in te r fe red in the determination of hydrazine and the er ror 
was +3.8% with t he i r 0 ,1 mg. 
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FIG. 13- CALIBRATION CURVE OF 
HYDRAZINE SULPHATE . 
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Table IV Magnitude of d i s t r i bu t i on of random errors in 
the determination of hydrazine hydrate 
Solution No. Amount taken, mg Amount found, mg 
1 0.515 0.515 
2 0.515 0.525 
3 0.515 0.525 
4 0.515 0.515 
5 0.515 0.505 
6 0.515 0.515 
7 0.515 0.505 
8 0.515 0.515 
9 0.515 0.525 
10 0.515 0.505 
Standard deviation = 0.00816 mg 
Relative standard deviation = 1.58^ 
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DISCUSSION 
The results ol experiments reveal that the ninhydrin 
test can he successfully applied lor the estimation ol 
hydrazine in aqueous solutions. The selectivity ol the 
method was developed hy extracting the coloured product 
in hutanol. Ammonia, ascorbic acid, 1,2-diacetylhydrazine, 
N,N*-dicarhethoxyhydrazine and maleic hydrazide do not 
Interlere under the conditions ol the test. The method was 
lound to he reproducible with a relative standard deviation 
1.58%. 
The ninhydrin test is known to the chemists 
since 1910. However, the mechanism ol the reaction has 
given rise to a number of theories. It is now suggested 
that the reaction of ninhydrin with amines, aralnoacids 
17 
and iminoacids all proceed hy the same mechanism . The 
interpretation is based on the mechanism of the Strecker 
degradation and explains the formation of diketohydrindylidene-
diketohydrindamine or the Ruheman's purple (l) and 
hydrindantin (II). Hydrazine reacts similarly with ninhydrin 
under the prescribed conditions giving the same products. 
I'inhydrin 
NW2 '^ •-'2 
Hydrazine 
-HoO 
NH.NH„ 
KH==NH 
hydrolysis 
-N, 
> 2 
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0-
Z'-;itterion 
H 
Hydrindantin I I 
82 
REFERENCES 
1. S. Ruheman, J. Chem, Soc, 98, 2025 (l9lO). 
2. D. Milting and fi. Kaiser, Z. physiol. Chem., 332, 276 
(1963). 
3. D.F. Davies, K.M. Wolfe and H.M. Perry Jr., L. Lab. Clin. 
Med., 41, 802 (1953). 
k. M» Grassmann and K. von Arnheim, Ann, Chem., 519, I92 
(1935). 
5. D.D. Williams and R.P. Miller, Anal. Cliem., 34, 225 
(1962). 
6 . O.N. Myagkoi and M . I . Serdyukova, Organ. Reagenty v 
A n a l i t . Khimii , Perm, (4 ) , 57 ( l 9 8 l ) . 
7 . A.G. Davidson, Ana lys t , 107 ( l 2 7 3 ) , ^22 (1982) . 
8 . P . Adams, G.W. Ashley, P . B a i l e y , G . I . Barrow, G.A. Bes t , 
J .M. Ca r t e r , G.W. C lay f i e ld , B . E . P . Clement, R.L. Cooper 
e t a l . , Methods Exam. Waters Assoc . Mater . 1982, 
(Hydrazine Waters Spectropbotom. Method 1981), p . 9 . 
9 . A .F . B l a n x a r t , A.M. Veciana, A .P . Benes and M.L.C. Perez , 
L ibro Actas-Congr . Nac. Med., H i g . Segur . T r a h , , 2, 8I3 
(1981) . 
10 . D. Bodart and R. B i t s c h , Ger. O l f e n . 2 , 942, 96o : Chem. 
A b s t r . 95, 1981, 17721 V. 
1 1 , S.U, K r e i n g o l ' d , I .M. Nelen and L . I . Sosenkova, Khim. 
P r o m - s t i , , S e r . Reakt . Osobo C h i s t . Veshchestva ( 5 ) , 
36 (1979) . 
83 
12. F.X. Bias, 192 (1979) Avail Univ. Microfilms Int., 
Order No. 7921783 i Diss. Abstr. Int. B, 40(4), 1671 
(1979). 
13. P. Mas, A.S. Olojola and B. Jaselskis, Talanta, 
26(1), hi (1979). 
14. S . Shahine and B. Mahmoud, Mikrochlm. Ac ta , 2 ( 5 - 6 ) , 431 
(1978) . 
1 5 . ¥ . D . Basson and J . F . V . S taden , Ana lys t , 103( l23o) , 998 
(1978) . 
1 6 . H .T .S . B r l t t o n , 'Hydrogen I o n s » , I l i r d edn. Vol . I , 
Chapman & Ha l l L t d . London, 1942, p . 3 1 1 . 
1 7 . D . J . McCaldin, Chem, R e v s . , 60 , 39 ( l 9 6 o ) . 
C H A P T E R - V 
SPJECTROfHOTOMETRIC D£TEBMINATION OF SPUE AROMATIC AMINES 
IN MICROGRAM A I^DUNTS BY AMMONIUM HEXAMITRATOCERATE(IV) 
S4 
INTRODUCTION 
Most of the metals can be determined spectrophoto-
metrically with organic reagents, Metals produce intense 
colours with organic compounds either hy complex formation 
or hy oxidation. Such binary reactions can often be used 
analytically for each of the reactants, However, studies 
of inorganic reagents used in organic analysis are meagre. 
Ammonium hexanitratocerate(IV) forms red complex with 
alcohols. The reaction was used for the colorimetric 
determination of alcohols-^"". Ammonium hexanitratocerate(IV) 
has been used for the determination of methylene blue by 
spectrophotometrlc titration'. A recent method for the 
spectrophotometric determination of sulphonamides describes 
the use of ammonium hexanitratocerate(IV) as a reagent , 
It has also been used in the detection of aromatic amines 
and phenols and organosulphur compounds by thin layer 
chromatography on silica gel. 
In our efforts to make use of inorganic reagents in 
organic analysis it was observed that ammonium hexanitrato-
cerate (IV) produces yellow colour with some aromatic amino 
compounds. This reaction has been made quantitative for 
aromatic amino compounds and is described in the present 
chapter. 
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aXPERIMMTAL 
Apparatus 
A Bausch & Lomb Spec t ron ic 20 (U.S.A.) was used 
l o r the spec t r epho tomet r i c work. 
Reajg;ents 
All the reagents used were of analytical grade. 
0.1^ Solutions of aromatic amines were prepared in 
dioxane. The solutions were diluted with dioxane according 
to the requirement. The use of alcohol in the preparation 
of amine solution was avoided as the reagent was used for 
its detection and determination. 
A 5^ ammonium hexanitratocerate solution was 
prepared by dissolving in 7N nitric acid, 
1,4-Dioxane (specific gravity 1.03) BDH was used 
as a solvent. 
Procedure 
One ml of aromatic amine so lu t i on con ta in ing 
10-300 Aig was t r e a t e d with 1 ml of 5^ anrmonium hexani t r a t o -
c e r a t e s o l u t i o n . The t o t a l volume of s o l u t i o n was made upto 
the mark in a 10 ml s tandard f l a s k adding d ioxane . The 
solution was transferred to a boiling tube which was 
heated on a water bath at 97 **C for 5 minutes to produce 
a yellow colour. After cooling, the final volume of 
Solution was again made upto the mark with dioxane, 
Absorbance was measured at 355 nm against the reagent 
blank. 
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RESULTS 
To get optimum v/avelength for the determination, 
absorbance of the coloured product formed -v^ith aromatic 
amines hy the action of ammonium hexanitratocerate(IV) 
was noted at steprvise increasing wavelengths. The 
maximum ahsorhance v;as obtained at 355 nm (Fig 1^). 
In order to set the optimum conditions, the effects 
of possible variables were studied. 
Effect of temperature 
1.5 Ml of 0.015^  aniline (v/v) was treated with 
1 ml of 5% ammonium hexanitratocerate solution. The total 
volume of solution was made upto the mark. Absorbance 
was noted at room temperature, A series of solutions were 
transferred to boiling tubes which were heated on a water 
bath at different temperatures. The solution was cooled and 
transferred to a btandard flask to make the final volume 
upto the mark with dloxane. Absorbances x*ere taken at 
each temperature. It was found that the absorbance became 
constant at 97 C. 
Effect of time 
One ml reagent was added to 1.5 ml of 0.01% aniline 
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1.4 
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PIG.14. ABSORPTION SPECTRUM OF OXIDN. 
PRODUCT OF ANtLINE 
89 
(v/v) followed by the recommended procedure. Absorbance 
\ms read at different time intervals. The absorbance v/ith 
a value of 0.64 remained constant when measured after time 
intervals of 10, 20, 30, 40, 50 and 60 minutes. Therefore, 
5 minutes heating at a temperature of 97 '*C produces a 
fairly stable product. 
Effect of ammonium hexanitratocerate concentration 
To 1.5 ml of 0.01^ aniline (v/v), different amounts 
of 5^ ammonium hexanitratocerate solution were added and 
the absorbance was measured. Figure 15 shows that on 
increasing the amount of ammonium hexanitratocerate, 
absorbance increases and reaches to maximum at 0.7 ml of 
reagent. The use of higher amount of reagent makes the 
absorbance constant. Therefore, 1 ml of reagent was 
recommended. 
Confirmatory with Beer's law 
Beer's law holds good in the range 10 to 300/Ug of 
aromatic amines for monochromatic radiation. The experimental 
results showing a linear relation are presented in Table V. 
Study of precision 
To test the reproducioility of method, ten replicate 
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FIG.15. EFFECTOF AMMONIUM 
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T a b l e V C o n f i r m a t o r y w i t h Bee r»s law 
A r o m a t i c amines Amount taken, jug Absorbance 
( Amax 355 nm) 
A n i l i n e 51 0 . 2 0 
102 0 . 4 2 
153 0 . 6 4 
204 0 . 8 5 
255 1 .05 
NN-Dimethyl a n i l i n e 4 7 . 5 0 . 1 4 
9 5 . 0 0 . 3 0 
1 4 2 . 5 0 . 4 5 
1 9 0 . 0 0 . 6 0 
2 3 7 . 5 0 . 7 6 
i - N a p h t h y l a m i n e 50 0 . 2 2 
100 0 . 4 4 
150 0 . 6 6 
200 0 . 8 8 
250 1.10 
2 -Naph thy l amine 50 0 . 2 1 
100 0 . 4 5 
150 0 . 6 6 
200 0 . 8 8 
250 i . i o 
4 - N l t r o a n i l i n e 50 0 . 1 8 
100 0.37 
150 0.56 
200 0.74 
250 0.92 
300 l.lO 
Table V con td . 
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Aromatic amines Lmount taken,yUi: 
50 
100 
150 
200 
250 
300 
53. 
107. 
160. 
21/t, 
267. 
321. 
50 
100 
150 
200 
250 
300 
50 
100 
150 
200 
250 
300 
5 
0 
5 
0 
5 
0 
Absorbance 
( Amax 355 nm) 
0.12 
0.25 
0.38 
0.50 
0.62 
0.74 
0.16 
0.33 
0.50 
0.68 
0.85 
1.00 
0.15 
0.31 
0.47 
0.62 
0.78 
0.94 
0.14 
0.28 
0.43 
0.56 
0.72 
0.84 
2-AEiinobenzhydrazide 
o~Anisidine 
p - i U i i s i d i n e 
4-iUninobenzoic ac id 
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Table V c o n t d . 
t 
Aromatic amines Amount taken,/ug Absorbance 
( ^max 355 nm) 
o-Phenylenediamine 50 0.1? 
l o o 0.35 
150 0 .5^ 
200 0.72 
850 0.88 
300 1.05 
Diphenylamine 50 0.22 
loo 0.43 
150 0.66 
200 0.88 
250 1.10 
m-Phenylenediamine 50 0.18 
loo 0.36 
150 0.52 
200 0.72 
250 0.88 
3 -Chlo roan i l ine 61 0.18 
122 0.37 
183 0.56 
2iik 0 . 7 ^ 
305 0 .9^ 
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determinations of 205 Mg aniline were done and the standard 
deviation was calculated. The results of magnitude of 
distrihution of random errors are shown in Table VI. 
Study of interferences 
A study of interference of some compounds was made 
in the determination of 205 Aig aniline. It was found that 
the presence of aliphatic amines, aminoacids and aliphatic 
hydrazines could be tolerated with a maximum amount of 
0.1 mg of each. Alcohols and phenols interfered in the 
determination• 
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Table VI Magnitude of d i s t r ibu t ion of random errors in 
the determination of an i l i ne 
Solution No. 
1 
2 
3 
k 
5 
6 
7 
8 
9 
10 
Amount taki 
205 
205 
205 
205 
205 
205 
205 
205 
205 
205 
205 
210 
205 
200 
210 
205 
210 
200 
205 
200 
Standard deviation =s -^  wg 
Relat ive standard deviation = 1.95% 
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DISCUSSION 
An alcoholic solution of aromatic amine has been 
avoided as ammonium hexanitratocerate(lV) produces a red 
complex with alcohols to he used for the detection and 
1 6 determination . Therefore, aromatic amine solutions are 
prepared in dioxane. Aqueous ammonium hexanitratocerate 
Solution is not fairly stable and fades due to its reduction. 
The solution of reagent is therefore prepared in 7N nitric 
acid. A number of organic solvents have been tried to check 
the stability of the product. However, dioxane is found 
to be most suitable for such studies. 
Ammonium hexanitratocerate(IV) oxidises an aromatic 
amino compound to a coloured quinoidal compound. The oxida-
tion of aniline (l), for example, gives p-benzoquinone (II). 
NH„ 0 
Ce (IV) 
(I> 
0 
(II) 
The above oxidation i s based on the oxidation of aromatic 
amines with sodium dichromate in aqueous sulphuric ac id . For 
example, the oxidation of ani l ine produces 1,4-cyclohexa-
dienedione (para-benzoquinone) which i s the simplest member 
of an in t e re s t ing c lass of conjugated cycl ic diketones 11 
97 
REFijaiiiNGiiS 
1. F.R. Duke and G.F. Smith, Ind. Sng, Chem., Anal,Ed., 
12, 201 (19^0). 
2. F.R. Duke, Ind. Bng. Chem., Anal. Ed., 17, 572 (l9^5)» 
3 . V.W. Held and R.K. True love , Ana lys t , 77 , 325 ( l 9 5 2 ) . 
4 . V^U Reid and D.G. Salmon, Ana lys t , 80, 704 ( l 9 5 5 ) . 
5 . V. Kra tochv i l and Soheslavsky, Chem. p rumys l , , 
6 , 515 (1956) . 
6 . M. To th , So r ipa r , 26, 18 ( l 9 7 9 ) . 
7 . U. M u r a l i k r i s h n a , G.V. Ramanadham and P.K. Rao, Acta 
C ienc . I n d l c a , 2, 3^^ ( l 9 7 6 ) . 
8 . S. S iddiqui and R. Kaushal , J . S c i . R e s . (Bhopal, I n d i a ) , 
3 , 153 (1981) . 
9 . S.A, Karatikar and V.D. Jog leka r , J . A n a l . T o x i c o l . , 
3 , 265 (1979) . 
10. J.S, Grossert and R.F. Langler, J. Chromatogr., 
97, 83 (1974). 
11. J.D. Roberts and M.C. Caserio, Basic Principles oi 
Organic Chemistry, 2nd edn., Benjamin, New York, 
1965, p. 1144. 
C H A P T E R - V I 
SPECTBOPHOTOMETRIC DETgRMINATION OF SQMii; AHOMATIC AMINES 
WITH AMK^NIUM METAVANADATE 
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INTBODUCTION 
A n a l y t i c a l l y useful e f f e c t s of organic r e a g e n t s 
can i n v a r i a b l y be a t t r i b u t e d to t h e presence and a c t i v i t y 
of c e r t a i n f u n c t i o n a l groups i n the molecule of the compound. 
The re fo re , the I n t e n s e colours o b t a i n e d with i n o r g a n i c ions 
and organic r e a g e n t s can be converse ly used fo r t h e determina-
t i o n of p a r t i c u l a r groups of o rgan ic compounds, Vanadium(y) 
can be determined s p e c t r e p h o t o m e t r i c a l l y with a number of 
o rgan ic r e a g e n t s . On the o t h e r hand, vanadium(V) has a l so 
been used as a r e a g e n t for the de te rmina t ion of o rgan ic 
compounds. In func t i ona l group a n a l y s i s , ammonium metavana-
da t e has r e c e n t l y been used for the d e t e c t i o n of n i t r o 
1 
compounds . I t has also been used as a reagent for the 
2 
spectrephotometric determination of organic acids . Ammonium 
metavanadate produces completes with hydroxamic a c i d s . The 
colour react ions have been used for the spectrephotometric 
determination of hydroxamic acids'""^^ Ammonium metavanadate 
has been spec i f i ca l ly used for the spectrephotometric 
determination of some amino compounds such as aminopyrine", 
Strychnine' ^^ and N-phenylanthranilic acid"^-^. However, 
i t has not s e l ec t ive ly been used as a reagent for aromatic 
amines. Sodium metavanadate has e a r l i e r been used for the 
12 13 
spectre photometric determination of 1-naidithylamine * . 
In t h i s chapter , we developed a colour react ion 
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between aromatic amines and ammonium metavanadate which 
produces a red coloured product in the presence of 
phosphoric acid. The coloured product is extractable with 
hutanol in strong alkaline medium. This colour reaction 
has been used for the spectrophotometric determination of 
some available aromatic amines. 
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EXPERIMENTAL 
Apparatus 
A Bausch & Lontb Spec t ron lc 20 (U.S.A.) was used for 
the absorbance measurements. 
Chemicals and reagents 
All the reagents used were of analytical grade. 
0.1% Aromatic amines solutions were prepared in 
ethanol. 
A ±% ammonium metavanadate and iOM sodium hydroxide 
were prepared in conductivity water. 
Procedure 
An aliquot volume of aromatic amines containing 
0.1 to 2.0 mg was treated with 1.5 ml of ammonium metavanadate 
solution and 1 ml of o~phosphoric acid. A red coloured 
product was formed immediately at room temperature. This 
product was extracted into a 10 ml hutanol in the presence 
of k ml of IOM NaOH in a separatory funnel. Absorhance was 
measured at 505 nm against a blank solution. 
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RESULTS 
The absorption spectrum of the red product formed 
by aniline and ammonium metavanadate in the presence of 
phosphoric acid is shown in Pig 16. In order to set the 
optimum conditions for the determination of aromatic amines, 
the effects of possible variables were studied. The results 
are summarized as follows. 
Effect of ammonium metavanadate concentration 
Different volumes of 1% ammonium metavanadate were 
mixed with 1 ml of each of 0.1% aniline (v/v) and phosphoric 
acid followed by the recommended procedure. A plot of 
absorbance versus different volumes of ammonium metavanadate 
recommended the optimum volume of 1*5 ml of the reagent 
(Pig 17). 
Effect of amount of phosidioric acid 
One ml of 0.1% aniline (v/v) was added to a 1.5 ml 
of ammonium metavanadate solution. To this mixture, 
different volumes of 16M phosphoric acid were added and the 
coloured product was extracted in butanol. Figure 18 showed 
that absorbance became constant at 0.8 ml onwards. Therefore, 
a volume of 1 ml of jdtiosphoric acid was used throughout 
these studies. 
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Effect of amoiint of sodium hydroxide la extraction 
The coloured product ohtained and extracted Into 
a 10 ml hutanol was treated with different volumes, say, 
1, 2, 3 and 4 ml of lOM sodium hydroxide solution. The 
absorhauce of each of the solution was measured which was 
found to be as follows: 0.68, 0.80, 0.85 and 0.90. Optimum 
conditions were found with 4 ml of lOM NaOH solution. 
Confirmatory with Beer's law 
Beer*s law holds good in the range of 0.1 to 2,0 mg 
of aromatic amines for monochromatic radiation. The 
experimental results showing a linear relation are presented 
m Table VII. 
Study of precision 
To test the reproducibility of method, ten replicate 
determinations of 0.51 ng aniline were performed and the 
standard deviation and the relative standard deviation were 
calculated. The results are shown in Table VIII, 
Study of interferences 
A study of Interference of some compounds was made 
in the determination of 0.51 mg aniline. It was found 
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Table VII Confirmatory with Beer's law 
Aromatic amines Amount taken, mg Absorbance 
( A max 505 nm) 
Ani l ine 0.102 0*09 
0.306 0.26 
0.510 0.^5 
0 .71^ 0 .62 
0.918 0.80 
1.122 0 .98 
NN-Dimethylaniline 0.095 0.07 
0.285 0 .19 
0.^75 0 .32 
0.665 0.^5 
0.855 0.58 
1.045 0.70 
1.235 0 .82 
2-Amlnol)enzhydrazide 0 . 1 0.05 
0 .3 0.16 
0 .5 0.26 
0 .7 0.37 
0 . 9 0.^8 
1.1 0 .60 
1.3 0.70 
o-Fhenylenedl amine 0 .1 0.08 
0 .3 0 .23 
0 .5 0 .37 
0 .7 0 .52 
0 . 9 0 .68 
1.1 0.84 
Table VII contd. 
Aromatic amines Amount taken, mg Absorbance 
(Amax 505 nm) 
o-Anisldlne 
p-Anisidine 
2-flydroxyaniline 
Diphenylamine 
0.106 
0.318 
0.530 
0.742 
0.954 
1.166 
1.378 
0 .1 
0.3 
0.5 
0.7 
0.9 
1.1 
1.3 
0.1 
0.3 
0.5 
0.7 
0.9 
1.1 
0.3 
0.7 
1.1 
1.5 
1.9 
0.08 
0.21 
0.35 
0.49 
0.64 
0.78 
0.92 
0.07 
0.20 
0.33 
0.47 
0.60 
0.74 
0.86 
0.08 
0.22 
0.37 
0.52 
0.66 
0.82 
0.15 
0.33 
0.54 
0.74 
0.82 
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Table VII contd. 
Aromatic amines ; taken, mg 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1 .1 
1.3 
0 . 1 
0 . 3 
0 . 5 
0 . 7 
0 . 9 
1 .1 
1 .3 
0.122 
0.366 
0.610 
0.85^ 
1.098 
1.342 
Absorbance 
( A max 505 nm) 
0.06 
0.17 
0.28 
0.40 
0.52 
0.64 
0.74 
0.06 
0.17 
0.29 
0.40 
0.52 
0.62 
0.74 
0.08 
0.23 
0.39 
0.54 
0.70 
0.86 
i~Naphthylamine 
2~Naphthylamine 
3-Chloroanil ine 
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Table VIII Magnitude of distribution ot random errors in 
the detezmination of aniline 
Solution No. 
i 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Amount tak 
0.51 
o.5i 
0.5 i 
0 .5i 
0.51 
0.51 
0 .5 i 
0.51 
0,51 
0.51 
Amount found, mg 
0.51 
0.52 
0.52 
0.51 
0.50 
0.5i 
0.52 
0.50 
0.50 
0.51 
Standard deviation « 0*00816 mg 
Relave standard deviation » 1.6% 
no 
that the presence of aliphatic amines like ethylamine, 
dlmethylamine, trlmethylamine and hutylamlne could be 
tolerated with a maximum amount of 1,0 mg of each. The 
presence of some other compounds like hydroxylamine, 
hydrazine, glycine, cysteine, harbituric acid and ascorbic 
acid could also be tolerated with an amount of 1.0 mg 
of each. Phenylhydrazine and pyridine were found to 
interfere in the determination. 
I l l 
DISCUSSION 
The amino group Is easily oxidized to form a complex 
variety of products, In case of aromatic amines, the ring 
may also be involved • The course of oxidation depends 
on the nature of oxidizing agent. The oxidizing agents 
that abstract a hydrogen atom or hydride ion lead to more 
complex reactions which often result in highly coloured 
products. The oxidation of aromatic amines like aniline 
has been reported resulting In the formation of quionone-
imine*5. 
Vanadium pentoxlde is obtained by the decomposition 
of ammonium metavanadate. 
2 NH^VDj a VgOj • 2 NHj + HgO 
Vanadium pentoxlde dissolves in acids and possesses moderate 
oxidizing property , 
On the basis of these studies, a tentative reaction 
mechanism between an aromatic amine and vanadium pentoxlde 
has been proposed. Vanadium pentoxlde under the given 
conditions oxidises aniline (l) into qulnoneimlne (II). 
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NH 
( I ) 
V2O5 
The method I s s e l e c t i v e l o r aromatic amines. Al iphat ic 
amines produce no colour and, therefore , t h i s method provides 
a d i f f e r e n t i a t i o n hetween aromatic and a l i p h a t i c amines. The 
method i s accurate with a r e l a t i v e standard deviat ion of !•( 
113 
REFERENCES 
1. B.R. Sahu and U. Tandon, J . Indian CShem. S o c , 
58(5 ) , 519 <1981). 
2 . P. Dima and Gh. Ghimicescu, Talanta, 2 4 ( 5 ) , 333 (1977) . 
3 . K.R. Pande and S.G, Tandon, Present us Z. Anal. CSiem,, 
296 ( 5 ) , 407 (1979). 
4 . J . Kanabus-Kaminslca and T. Urbanski, B u l l . Acad. Bol . S c i . , 
Ser . S c i . Ctoim., 2 7 ( l 2 ) , 891 ( l 9 7 9 ) . 
5 . A.V. Shpak and E.A. Shpak, Zh. Anal. Ehim., 3 6 ( l 2 ) , 2422 
(1981) , 
6 . K. Howorka and S, Beckert , Pharm. Zentralh, 102, 715 
(1963) . 
7 . S. Scandola, Es tr . b o l l . s o c . med. chirurg . dl Pavia, 
1910. 
8* S.K. Rasmussen, Dansk. T i d s . Farm., 16, 11 (1942) . 
9 . cax. Bedel , Ann. {diarm. f r a n c , 1 , 104 ( I943 ) . 
10 . M. Chambon, Ann. jAiarm. f r a n c , 4 , 89 ( l 9 4 6 ) . 
1 1 . N.N. Gusakova and S.P. Mushtakova, Khim. Prom-st. , Ser . s 
Metody Anal . Kbntrolya Kach. Prod. Khim. Prom-st i . , 
( 1 ) , 50 (1981) . 
12. P.M. Albert, S. Butuceanu, M. Cupfer and M. Stoia, 
Rev. Roumaine Gbim., 9, 441 (1964). 
13. P.M. Albert, E. Butuceanu, M. Cupfer and M. Stoia, 
Stud, Cercet. Chim., 13, 449 (l964). 
11 
14. M.J, As t i e and J.R. Shel ton, 'Organic CShemistry', 
Oxford & IBH Puljllshing Co. , 2nd edn, 1976, p . 470. 
15. V.K. Gupta, R. Bhushan, R.D. Eaushik, H.C. Jain and 
S .P . Sr ivastava , Oxid. Commun., ^ ( 3 - 4 ) , 409 ( l 9 8 4 ) , 
16 . J .C . B a i l a r , H.J. Bmeleus, R. Nyholm and A.F. 
Trotman-Dickenson, »Comprehensive Inorganic Chemistry*, 
Pergamon Press , New York, 1973, p . 513. 
